A Gram-stain-positive, aerobic, non-motile, non-spore-forming, rod-shaped bacterium, designated strain PB158
T formed yellow colonies on R2A agar, contained as the predominant menaquinone, meso-diaminopimelic acid as the diagnostic diamino acid, and included iso-C 16 : 0 , C 18 : 1 v9c, and C 17 : 1 v8c as the major fatty acids (.5 %). The acyl type was found to be N-glycolylated. The G+C content of genomic DNA of strain PB158 T was 72.4 mol%. In DNA-DNA hybridizations, the DNA-DNA relatedness value observed between strain PB158 T and the type strain of J. endophyticus was 21.8 % indicating that the two strains do not belong to the same species. Thus, the combined genotypic and phenotypic data supported the conclusion that strain PB158 T represents a novel species of the genus Jatrophihabitans, for which the name Jatrophihabitans fulvus sp. nov. is proposed. The type strain is PB158 T (5KCTC 33605
The genus Jatrophihabitans was recently proposed by Madhaiyan et al. (2013) based on a single species, Jatrophihabitans endophyticus. Phylogenetically, the genus forms its evolutionary lineage within the suborder Frankineae of the class Actinobacteria. At the time of writing, the family comprises two genera with validly published names, Frankia (Brunchorst, 1886) and Jatrophihabitans (Madhaiyan et al., 2013) . In this paper, we describe a yellow-pigmented bacterial strain, PB158 T , which was isolated from a grass soil sample from Korea during a study of the diversity of culture-dependent phototrophic bacteria. The taxonomic position of this novel strain is proposed using a polyphasic approach, including the determination of phenotypic properties and a detailed phylogenetic investigation based on the 16S rRNA gene sequence.
Strain PB158
T was isolated from a soil sample collected from grass field in Daejeon, Republic of Korea. Grass soil samples were initially collected into a 50 ml sterile polypropylene tube and diluted serially in 0.85 % saline solution. A 100 ml subsample (10 26 or 10 27 ) of the suspended material was aseptically spread on R2A agar (Difco) and incubated at 25 8C for 14 days under light conditions (fluorescent light 2400 lx). A yellow colony, designated PB158
T , was observed after 7 days and sub-cultivated on R2A agar at 30 8C for 48 h routinely and kept in a glycerol solution (20 %, v/v) at 270 8C. For most experiments, all strains were cultivated on R2A agar (Difco) at 30 8C for 48 h. J. endophyticus DSM 45627 T was obtained from the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany) and used as a reference strain under the same conditions.
Gram staining was determined using a Gram stain kit (Becton Dickinson) following the procedure of the manufacturer. Using cells grown on R2A agar at 30 8C for 48 h, cell morphology and motility were observed with a transmission electron microscope (CM-20; Philips) after negative staining with 1 % (w/v) phosphotungstic acid, and a phase-contrast microscope (Nikon Optiphot, 61000 magnification). Oxidase activity was performed using 1 % tetramethyl-p-phenylenediamine (Tarrand & Gröschel, 1982) and catalase activity was assessed using 3 % H 2 O 2 . Cell growth was investigated on R2A agar, tryptic soy agar (TSA; Difco), nutrient agar (NA; Difco) and Luria-Bertani (LB; Difco) medium. Optimal temperature of strain PB158
T was assessed by cultivating the strain in R2A medium at 10, 15, 20, 30, 37 , and 45 8C. The optimal growth pH was determined by cultivating the strain in R2A broth at pH 5-10 (in intervals of 1 pH unit); the different pH values were produced using appropriate biological buffers: Na 2 HPO 4 /NaH 2 PO 4 buffer and Na 2 CO 3 /NaHCO 3 buffer were used for pH 5-7 and pH 8-11, respectively (Bates & Bower, 1956; Gomori, 1955) . NaCl tolerance for growth was tested in R2A agar containing different NaCl concentrations (0-4 %). API 20NE, API ID 32GN, API 50CH and API ZYM kits (bioMérieux) were used to compare carbon source utilization, acid production and enzyme production according to the instructions of the manufacturer.
Fatty acid extraction and analysis were performed following the protocol of the Sherlock Microbial Identification System (MIDI), using biomass obtained from isolates grown in R2A agar for 48 h at 30 8C. Standardization of the physiological age of strain PB158
T and reference strain was done based on the protocol given by MIDI (http://www.microbialid.com/PDF/TechNote_101.pdf). Separation and identification of fatty acids were performed by GC (Hewlett Packard 6890) using TSBA 6 database provided with the Sherlock software 6.1. Menaquinones and polar lipids were extracted from 100 mg freeze-dried cells following the method described by Komagata & Suzuki (1987) . Different menaquinones were separated into different classes with hexane/tert-butylmethylether (9 : 1, v/v) as the solvent using TLC on silica gel (Macherey-Nagel Art. no. 805 023). Different menaquinone products were then removed from the plate and further analysed by HPLC using a reverse-phase column (Macherey-Nagel, 2 mm6 125 mm, 3 mm, RP18). The cell-wall acyl type was determined as described by Uchida & Aida (1984) . The cellwall peptidoglycan was identified by TLC after hydrolysis with 6 M HCl at 100 8C for 18 h (Komagata & Suzuki, 1987) .
Genomic DNA was extracted using a FastDNA SPIN kit. Extracted DNA was then quantified and checked for purity on a ND1000 spectrometer (Nanodrop Technologies). The 16S rRNA gene was amplified using the universal bacterial primer set 27F (59-AGAGTTTGATCMTGGCTCAG-39; Escherichia coli positions 8-27) 785F (59-GGATTAGATAC-CCTGGTA-39), 800R (59-TACCAGGGTATCTAATCC-39), and 1492R (59-TACGGYTACCTTGTTACGACTT-39; E. coli positions 1492-1510) (Lane, 1991) . PCR cycling conditions were as follows: 95 8C for 5 min; 30 cycles of 95 8C for 1.5 min, 55 8C for 1 min and 72 8C for 1.5 min; and final extension for 10 min at 72 8C.
Sequencing was carried out by Solgent. To reconstruct phylogenetic trees, 16S rRNA gene sequences were aligned using CLUSTAL X (Thompson et al., 1997) and edited using BIOEDIT (Hall, 1999) with published sequences retrieved from the EMBL database. The aligned sequences were then applied to reconstruct a phylogenetic tree using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) , and maximum-likelihood (Felsenstein, 1981) algorithms in MEGA 5 software (Kumar et al., 2008) . The robustness of the tree topology was evaluated by bootstrap analysis (Felsenstein, 1985) based upon 1000 resamplings of the sequences. DNA G+C content was determined by HPLC after hydrolysis, as described by Tamaoka & Komagata (1984) , using nonmethylated l DNA (Sigma) as the standard. DNA-DNA hybridization experiments were performed fluorometrically by the method of Ezaki et al. (1989) using DNA probes labelled with photobiotin (A1935; Sigma) in microdilution wells (96-well microplate; Greiner Bio-one).
T formed visible colonies within 48 h on R2A agar when incubated at 30 8C. Growth occurred at temperatures ranging from 20 to 37 8C, but no growth was observed at 15 8C or 45 8C. Growth occurred at pH 6-9, but no growth was observed at pH 5 or pH 10. Colonies of strain PB158
T were yellow, translucent, convex, and circular with entire edges. Cells were Gram-stain-positive, catalase-positive, oxidase-negative, non-motile, and rodshaped (Fig. S1 , available in the online Supplementary Material). Detailed physiological and biochemical characteristics are summarized in Table 1 and in the species description.
The almost-complete 16S rRNA gene sequence (approximately 1446 nt) of strain PB158
T was compared with the 16S rRNA gene sequences of representative species of the genus Jatrophihabitans and related genera (Fig. 1) . The 16S rRNA gene sequence similarities between strain PB158 T and its closest neighbours J. endophyticus S9-650 T and Jatrophihabitans soli KIS75-12 T were 98.1 % and 97.0 %, respectively, but less than 94.3 % with other members of the family Frankiaceae. The 16S rRNA gene sequence similarity of 97.0 % is clear enough for strain PB158
T to be a separate species from J. soli (Meier-Kolthoff et al., 2013). DNA-DNA relatedness between strain PB158 T and J. endophyticus DSM 145627 T was 21.8 % (reciprocal 24.3 %), which was below the 70 % cut-off point recommended for the delineation of genomic species (Wayne et al., 1987) .
The G+C content of the genomic DNA of strain PB158 T was 72.4 mol%. The major fatty acids were iso-C 16 : 0 (71.8 %), C 18 : 1 v9c (11.0 %) and C 17 : 1 v8c (5.9 %). Apart from differences in the proportions of certain fatty acids, the fatty acid profile of strain PB158
T was similar to the profile of J. endophyticus DSM 45627 T ( Table 2 ). The respiratory menaquinones were composed of MK-9(H 4 ) (92 %), MK-9(H 6 ) (5 %) and MK-9(H 8 ) (traces). The cell-wall diamino acid was meso-diaminopimelic acid. The acyl type was found to be N-glycolylated. The polar lipids comprised diphosphatidylglycerol, phosphatidylinositol, two unidentified glycolipids, two unidentified phosphoaminolipids and two unidentified phospholipids. A two-dimensional thin-layer chromatogram of the polar lipids from strain PB158
T is included as Fig. S2 . Madhaiyan et al. (2013) . DAL, unidentified aminolipid; DPG, diphosphatidylglycerol; GL, unknown glycolipid; PI, phosphatidylinositol; PL, unidentified phospholipid; PAL, unidentified phosphoaminolipid.
Based on the chemotaxonomic data, together with the results of the phylogenetic analysis and differentiating phenotypic characteristics, we suggest that strain PB158 T represents a novel species of the genus Jatrophihabitans, for which the name Jatrophihabitans fulvus sp. nov. is proposed.
Description of Jatrophihabitans fulvus sp. nov.
Jatrophihabitans fulvus (ful9vus. L. masc. adj. fulvus deep yellow, gold-coloured).
Cells are Gram-stain-positive, non-spore-forming, nonmotile and rod-shaped (1.0-1.3 mm long, 0.4-0.6 mm wide). Colonies grown on R2A agar are yellow. Catalase-positive but oxidase-negative. Growth is observed on R2A agar, TSA, nutrient agar and LB agar. Growth occurs on R2A at temperatures from 20 uC to 37 uC (optimum 30 uC), but not at 15 or 45 uC. The pH range for growth is from pH 6.0 to 9.0 (optimum pH 7), but growth is not observed at pH 5.0 or pH 10.0. Growth occurs in the presence of 1 and 2 % NaCl, but not with 3 % or above. Positive for aesculin hydrolysis, but negative for nitrate reduction, indole production, glucose fermentation, urease, and gelatin hydrolysis (API 20NE test strip) T among related taxa using the neighbour-joining method. Numbers at branching points refer to bootstrap percentage (1000 resamplings; only values .50 % shown). Filled circles indicate that the corresponding nodes were also recovered in trees generated using the algorithms of maximum-likelihood and maximum-parsimony. Bar, 0.02 changes per nucleotide position.
negative for the enzyme activities of N-acetyl-b-glucosaminidase, a-chymotrypsin, a-fucosidase, a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase and trypsin. Acid is produced from aesculin, but not from other substrates (API 50CH). The major respiratory quinone is MK-9(H 4 ). The major fatty acids are iso-C 16 : 0 , C 18 : 1 v9c, and C 17 : 1 v8c. The major polar lipids are diphosphatidylglycerol, phosphatidylinositol, and some unidentified glycolipids, phospholipids and phosphoaminolipids.
The type strain is PB158 T (5KCTC 33605 T 5JCM 30448 T ), isolated from grass soil in Daejeon, Republic of Korea. The G+C content of the genomic DNA of the type strain is 72.4 mol% (determined by HPLC). 
